Abstract The recovery of phenolic compounds of Eugenia pyriformis using different solvents was investigated in this study. The compounds were identified and quantified by reverse-phase high-performance liquid chromatography coupled with ultraviolet-visible diode-array detector (RP-HPLC-DAD/UV-vis). Absolute methanol was the most effective extraction agent of phenolic acids and flavonols (588.31 mg/Kg) from Eugenia pyriformis, although similar results (p≤0.05) were observed using methanol/water (1:1 ratio). Our results clearly showed that higher contents of phenolic compounds were not obtained either with the most or the least polar solvents used. Several phenolic compounds were identified in the samples whereas gallic acid and quercetin were the major compounds recovered.
Introduction
Phenolic acids and flavonoids are ubiquitous bioactive compounds which belong to a diverse group of secondary metabolites and are universally present in higher plants. These phytochemicals have shown to possess significant antioxidant capacities that can protect the human body from health problems (Robards et al. 1999) . "These compounds posses an aromatic ring bearing one or more hydroxyl groups and their structures may range from that of a simple phenolic molecule to that of a complex high-molecular mass polymer" (Balasundram et al. 2006) .
Extraction and isolation are the first important steps for separation, characterization, and quantification of polyphenols from plant material (Kim and Lee 2001) . Polyphenols are often most soluble in organic solvents less polar than water. The solubility is dependent on the polar properties of the polyphenols. The appropriate selection of the extracting solvent is not as simple as it may seem (Kim and Lee 2001) . Solvent extraction, extraction with supercritical fluid and ultrasound-assisted extraction are the most common used techniques for the isolation of phenolic compounds (Ignat et al. 2011) . Several solvents and conditions have been used to achieve optimal extraction. The application of acidified methanol, ethanol, acetone, ethyl acetate and mixtures of solvents with water has been widely reported in literature (Annegowda et al. 2011; Durling et al. 2007; Haminiuk et al. 2011; Luthria 2008; Luthria and PastorCorrales 2006; Prasad et al. 2011; Pushp et al. 2011; Ramful et al. 2011; Russell et al. 2009; Wang et al. 2008; Wijekoon et al. 2011; Sasidharan and Menon 2011) . Therefore, the aim of this work was to evaluate the use of different solvents in the extraction of the phenolic acids and flavonols of a typical fruit from the Brazilian Atlantic Forest, Eugenia pyriformis.
Material and methods

Sample preparation
The purée of Uvaia (Eugenia pyriformis) was utilized to evaluate the extraction of phenolic compounds and it was provided by Sitio do Belo (Paraibuna, SP, Brazil). Absolute methanol (AM), absolute ethanol (AE), distilled water (DW) and a combination of methanol/water (MA) (1:1, v/v) and ethanol/water (EA) (1:1, v/v) were used in order to evaluate the phenolic compounds extraction. The purée was thawed and macerated (10 g) with the different solvents (40 mL). The mixture was agitated in a test tube rotary mixer for 1 h (Haminiuk et al. 2011) and the samples were then centrifuged at 6,000 rpm for 10 min. Before analysis, the supernatant was filtered with Spritzen syringe filter of 0.22 μm (Trasadingen, Switzerland). The filtrate (extract) was used to quantify the phenolic acids and flavonols of Eugenia pyriformis by HPLC analysis.
Quantification of individual phenolic compounds -RP-HPLC-DAD/UV
For high-performance liquid chromatography coupled with a ultraviolet-visible diode-array detection (HPLC-DAD/ UV-vis), a Dionex UltiMate 3000 HPLC system (Dionex, Idstein, Germany) equipped with UltiMate 3000 Pump, UltiMate 3000 Autosampler Column Compartment, UltiMate 3000 Photodiode Array Detector and Chromeleon software was used. A reversed phase Acclaim® 120 column, C18 5 μm 120 Å (4.6 mm×250 mm), was used in the experiments. The column was maintained at 40°C throughout the analysis and the detection was recorded at 280, 300 and 320 nm. Phenolic acids and flavonols are usually detected at wavelengths between 210 and 320 nm. The injection volume was 10 μL (Maisuthisakul and Gordon 2012) . The mobile phases consisted of acidified water with phosphoric acid 1 % and methanol. The solvent gradient was as follows: 0-15 % B in 2 min, 15-25 % B in 5 min, 25-30 % B in 10 min, 30-35 % B in 15 min, 35-50 % B in 25 min, 50-60 % B in 30 min, 60-80 % B in 35 min, 80-100 % B in 45 min and 100-5 % B in 60 min. The flow rate was 1 mL/min (Kelebek and Selli 2012) . The following standards were used in this study: phenolic acids (gallic acid, chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid) and flavonols (rutin, myricetin, quercetin and kaempferol). Stock solutions of all standards were prepared in methanol and the calibration curves were obtained from duplicate injections of at least five concentrations. For the HPLC analysis, phenolic compounds were identified by comparing their retention times with those of pure standards (Granato et al. 2011) . Figure 1 presents the chromatogram of phenolic acids and flavonols standards used in this work at 280 nm.
Statistical analysis
Assays were performed in triplicate for each sample (Yogesh and Ali 2012) . Results were expressed as mean values ± standard deviation (SD). Student's t-test was used for comparison between two means, and the one-way ANOVA was used for comparison of more than two means. A difference was considered statistically significant when p≤0.05. The statistical analysis was carried out using Statistica 7.1 software (StatSoft, Tulsa, OK, USA).
Results and discussion
The recovery of polyphenols from plant materials is influenced by the solubility of the phenolic compounds in the solvent used for the extraction process (Rodríguez-Carpena et al. 2011) . Furthermore, solvent polarity will play a key role in increasing phenolic solubility (Naczk and Shahidi 2006) . Table 1 presents the effect of different solvents on the extraction of phenolic compounds from Eugenia pyriformis. It is evident that the recovery of phenolic compounds was dependent on the solvent used and its polarity (Alothman et al. 2009 ). Polyphenols are often most soluble in organic solvents less polar than water. An effective extraction of plant material depends on a proper solvent selection, elevated temperatures, and mechanical agitation to maximize polyphenols recovery (Kim and Lee 2001) . The chromatografic profile of Eugenia pyriformis at 280 nm using absolute methanol as extracting agent is shown in Fig. 2 . The recovery of Fig. 1 Chromatogram of phenolic compounds standards at 280 nm phenolic compounds content varied from 255.91 to 588.31 mg/Kg of fresh weight. Absolute methanol (AM) was the most effective extraction agent on the recovery of phenolic acids and flavonols from Eugenia pyriformis. However, similar results (p≤0.05) were obtained by the use of methanol/water (MA) (1:1 ratio). The lowest amount of the bioactive compounds was obtained ethanol/water (EA) (1:1 ratio). In terms of polarity, the solvents used in this work can be classified according to their dielectric constant as follows: ethanol < methanol < water. Our results clearly showed that higher contents of phenolic acids and flavonols were not obtained either with the most or the least polar solvents used.
The results obtained in this research are in agreement to Liazid et al. (2007) , Navarro et al. (2006) , Espinosa-Alonso et al. (2006) and Wijngaard et al. (2009) that used absolute methanol to obtain phenolic compounds from vegetable matrix. The extraction of phenolic compounds has been widely studied (Kosanić et al. 2011 ) and several methods have been developed to recovery these substances. Alothman et al. (2009) studied the antioxidant capacity and the phenolic content of selected tropical fruits from Malaysia. According to their results, the recovery of phenolic compounds was dependent on the fruit type and the solvent system, and acetone and ethanol were the most efficient solvents for extracting phenols. In our study, all the nine standards were identified in Eugenia pyriformis.
The phenolic acids and flavonols showed a wide range of variation according to Table 1 : gallic acid (75.08-346.12 mg/Kg), chlorogenic acid (27.16-42.31 mg/Kg), caffeic acid (0.00-5.20 mg/Kg), p-coumaric acid (0.92- (Prince et al. 2011 ) and has received much attention because of its potent free radical scavenging and antioxidant action. On the other hand, quercetin (3,3',4',5,7-pentahydroxyflavone) , is a typical flavonoid ubiquitously present in vegetables and fruits (Murota and Terao 2003) . The beneficial effects of quercetin are related to its anti-oxidation properties which may result from its ability in scavenging free radical and chelating metal ions. These properties allow it to inhibit lipid peroxidation. Both substances have been widely found in plant materials (Hollman and Katan 1997) . Fu et al. (2011) studied the antioxidant capacity and total phenolic content of 62 fruits. Interestingly, among other phenolic compounds, gallic acid and quercetin were found in most of the fruits evaluated. As previously stated, the highest results were obtained with absolute methanol and a mixture of methanol and water. In literature, it was not found a common sense of which solvent or mixture of solvents are more suitable to recovery the bioactive compounds among the different plant materials. However, it is clear that alcoholic extraction still remains as a good alternative to obtain phenolic compounds from plant materials.
Conclusion
The results demonstrate the importance of selecting the most suitable solvent for the extraction of phenolic compounds from plant material. Among the solvents tested, absolute methanol was the most effective extraction agent on the recovery of phenolic compounds. The content of phenolic acids and flavonols identified by HPLC analysis in Eugenia pyriformis ranged from 255.91 to 588.31 mg/Kg. The compounds with highest concentrations were gallic acid and quercetin.
